- 1 



10/580410 
IAP9 Rec'dPCTOTO 2 4 MAY 2SJK 



Description 

Hydraulic control system for mobile equipment 

5 

The invention concerns a hydraulic control system for 
a mobile equipment, such as a wheel loader or a backhoe 
loader, in accordance with the preamble of claim 1. 

10 In backhoe loaders or wheel loaders a boom is 

pivotally linked to a frame. At the end portion of the 
boom opposite the frame of the wheel /backhoe loader a 
shovel is mounted which is pivotable relative to the boom 
through the intermediary of a shovel cylinder. The boom 

15 is pivoted by means of a boom cylinder that is linked to 
the frame of the wheel /backhoe loader. The two afore- 
mentioned cylinders each have the form of a differential 
cylinder, the pressure chambers of which are connected 
via a pilot control device having an associated 

20 proportional valve with a variable displacement pump or a 
tank for extending or retracting the respective 
di f f er en t i al cy 1 inder . 

One demand to such constructions is that the relative 
25 position of the shovel should be maintained constant 
relative to the wheel/backhoe loader during raising or 
lowering of the boom, in order to avoid inadvertent 
dumping of the material received in the shovel . In the 
solution known from WO 02/081828 Al, maintaining this 
30 relative position ( "self -levelling" ) is realized through 
an orientation control device wherein the pivoting 
movement of the shovel relative to the boom is 
transmitted via a thrust rod to a rotatably mounted guide 
member, against the control cam of which a tappet of a 
35 control valve is biased. By means of this control valve 
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it is possible to generate a control pressure which is 
present in a control chamber of the proportional valve 
associated with the shovel cylinder. The path of the 
control cam is selected such that the shovel cylinder is 
5 controlled during the pivoting movement of the boom in 
such a way that the shovel maintains the desired position 
relative to the ground or to the wheel/backhoe loader. 
The orientation control device of the known solution is , 
however, realized such that only one desired relative 
10 position may be adjusted. Moreover the "self -levelling" 
in this known solution is possible only in one direction, 
i.e., in the direction of "upward pivoting" of the 
shovel . 

15 "Self -levelling" may also be achieved by a particular 

configuration of the loading geometry of the boom and of 
the shovel. Thus, e.g., the shovel may be linked to the 
boom by means of parallel links. Such a parallel 
kinematic is, however, very complex and correspondingly 

20 costly. 

In contrast, the invention is based on the object of 
furnishing a hydraulic control system for a mobile 
equipment, in particular a wheel loader or a backhoe 
25 loader, wherein such "self-levelling" is achieved at 
minimum complexity in terms of apparatus. 

This object is achieved through a hydraulic control 
system for a mobile equipment, in particular for a 
30 backhoe loader or a wheel loader, having the features of 
claim 1. 

In accordance with the invention, the shovel linked 
to a boom is maintained in a predetermined position 
35 relative to the ground or to the axles of the 
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backhoe/wheel loader by means of an orientation control 
device. The orientation control device comprises a 
transmitting member which transmits the pivoting movement 
of the shovel to an actuation head, the basic position of 
5 which is adjustable. This basic position of the actuation 
head of the orientation control device corresponds to a 
position of the shovel relative to the equipment which is 
to be kept constant. As long as the shovel maintains its 
pre-adjusted angular position during the pivoting 

10 movement of the boom, the actuation head remains in its 
adjusted basic position. In the event of a change of the 
angular position, the actuation head is shifted, and in 
dependence on this shift a control signal is generated 
which is conducted to a shovel control for adjusting a 

15 shovel cylinder in such a way that the shovel resumes its 
pre-adjusted angular position, and the actuation head is 
returned correspondingly. 

In other words, in accordance with the invention a 
20 target angular position of the shovel is adjusted with 
the aid of the adjustable actuation head, and an 
intervention in the control of the shovel is carried out 
if the latter moves out of the pre-set angular position. 
Such a control system allows to set practically any 
25 desired angular position as a target value and keep it 
constant during the pivoting movement of the boom, 
wherein the complexity in technological terms is 
extremely low. 

30 In the subject matter of WO 02/081828 Al discussed at 

the outset, neither the target angular position of the 
shovel may be adjusted nor could the shovel be adjusted 
downwardly (tilted) during the pivoting movement of the 
boom, so that a target position relying on this movement 

35 can not be reached by the known solution. 
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In a particularly preferred embodiment, the actuation 
head of the orientation control device has the form of an 
actuation lever of a pilot control device, the electric 
5 or hydraulic control signals of which are supplied to the 
shovel control unit. 

This pilot control device is preferably executed with 
two hydraulic pilot control elements, the control ports 
10 of which are connected with the control ports of the 
shovel control unit via signal lines. 

This shovel control unit may in turn be executed with 
a hydraulic shovel pilot control device, the control 

15 ports of which are connected via control lines with 
control chambers of a proportional valve for controlling 
the shovel cylinder. The control line of the shovel pilot 
control device and the signal lines leading to the pilot 
control device of the orientation control device are 

20 interconnected via shuttle valves, so that in the control 
chambers of the proportional valves the respective higher 
control pressure is present which is either predetermined 
by the pilot control device or by the shovel pilot 
control device in order to adjust an angular position of 

25 the shovel . 

In a variant of the invention, feeding back of the 
movement of the transmitting member to the control lever 
takes place through the intermediary of a spring assembly 
30 which is acted upon in a direction opposite to the spring 
assembly by a tensile spring assembly, with the latter in 
turn acting on an actuation lever, so that it is possible 
to adjust a target position of the control lever by 
adjusting this actuation levers. 

35 
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In an alternative variant it is possible to use, 
instead of the springs attacking on either side of the 
control lever, a suitable lever mechanism which on the 
one hand enables the adjustment of a target value and on 
5 the other hand transforms a relative movement of the 
transmitting member into a pivoting movement of the 
actuation lever. 

Manufacture of the orientation control device is 
10 particularly simple if the transmitting member has the 
form of a thrust rod which attacks in parallel with the 
boom at the shovel, wherein the end portion of the thrust 
rod removed from the shovel is mounted on a frame of the 
equipment through the intermediary of a movable bearing 
15 and is connected with the actuation lever via the afore- 
mentioned springs or the lever mechanism or means having 
a similar action. 

The orientation control device may very easily be 
20 deactivated if a pressure port of the control device is 
adapted to be connected to a control oil pump or a tank 
via a switching valve. Upon switching to tank pressure it 
is not possible to output a signal via the pilot control 
device to supersede the control pressure output by the 
25 shovel pilot control device - self -levelling does not 
take place. 

Further advantageous developments of the invention 
are subject matter of further subclaims. 

30 

In the following, preferred embodiments of the 
invention are explained by referring to schematic 
drawings , wherein : 
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Fig. 1 is a diagrammatic view of a control system in 
accordance with the invention for maintaining a pre-set 
angular position of a shovel constant; 

Fig. 2 shows a variant of an orientation control 
5 device of the control system of Fig. 2, and 

Fig. 3 is another embodiment of an orientation 
control device. 

Fig. 1 shows a diagrammatic view of a control system 
10 of a mobile equipment, e.g., of a wheel loader or of a 
backhoe loader. The latter comprises a boom 2, to the 
free end portion of which a shovel 4 is linked by means 
of a pivoted articulation 6 . The other end portion of the 
boom 2 is linked to a frame 10 of the backhoe loader 
15 through the intermediary of a linking mechanism 8. 

The pivoting movement of the boom 2 is executed by 
means of a double-acting boom cylinder 12 which may be 
supplied with pressure medium via a cylinder control unit 

20 14. The boom cylinder 12 is articulatedly supported at 
the frame 10 and attacks with its piston rod at the boom 
2 . The pivoting movement of the shovel 4 relative to the 
boom 2 is executed with the aid of a shovel cylinder 14, 
the housing of which is linked to the boom 2, and the 

25 piston rod of which attacks at the shovel 4. This shovel 
cylinder 14, too, is realized as a double-action cylinder 
and is supplied with pressure medium via a shovel control 
unit 18. 

30 In accordance with Fig. 1, a thrust rod 2 0 is 

moreover mounted at the shovel 16 by means of a thrust 
rod articulation 22, said thrust rod extending in the 
represented angular position in parallel with the boom 2 . 
The end portion of the thrust rod 2 0 which is removed 

35 from the shovel 4 is supported on a frame-side movable 
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bearing 24 adapted to move relative to the boom 2 in the 
event of a change of the angular position of the shovel 
4. At a constant angular position of the shovel 4 
relative to the equipment, the boom and the thrust rod 20 
5 as well as the pivoted articulation 6 and the thrust rod 
bearing 22 on the one hand and the 1 inking mechani sm 8 
and the movable bearing 24 on the other hand form a 
parallelogram that changes its geometry during the 
pivoting movement of the boom 2, however essentially 
10 remains a parallelogram (as long as the angular position 
of the shovel 4 relative to the axles of the backhoe 
loader remains unchanged) . 

In the embodiment represented in Fig. 1, the thrust 
15 rod 2 0 which is supported at the movable bearing 24 is 
connected via a spring or spring assembly 26 with an 
actuation lever 28 of a hydraulic pilot control device 
30. The control lever 28 is acted upon in a direction 
opposite to the spring assembly 2 6 by a tensile spring 
20 assembly 32 having its one end portion removed from the 
control lever 28 attached to an actuation means 34 which, 
in the represented embodiment, consists of an actuation 
lever 3 6 and a sliding joint 38 connected with the latter 
either directly or via signal lines, the position of 
25 which is variable, and which attacks at the tensile 
spring assembly 32. 

By pivoting the actuation levers 36, the sliding 
joint 3 8 may be moved indirectly or directly to thus 
30 adjust the bias of the tensile spring assembly 32, so 
that the spring assembly 26 is adjusted, and the control 
lever 2 8 may be returned into a desired basic position in 
accordance with the bias. 
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The hydraulic pilot control device 30 is in a known 
manner executed with pressure reducing valves which are 
adapted to be shifted into a regulating position in 
dependence on the pivoting movement of the actuation 
5 lever 28. By means of these pressure reducing valves the 
pressure at a control oil port P of the pilot control 
device 3 0 may be reduced to a desired control pressure 
which is then present at control ports X, Y of the pilot 
control device 30. Inside a control oil line 40 connected 

10 to the control oil port P an electrically actuated 
switching valve 42 is arranged which in its spring-biased 
basic position connects the control oil line 40 with a 
tank T, and upon energization of a switching solenoid 
connects the control oil line 40 with a pump line that is 

15 connected to a control oil pump. In other words, in the 
spring-biased basic position the pilot control device 30 
does not have an effect as tank pressure prevails at its 
control oil port P. In the switching position, the 
control oil port P is connected with the control oil 

20 pump, so that control signals may be generated via the 
pilot control device 30. 

The two control ports X, Y are connected via signal 
lines 44, 46 with the shovel control unit 18. The latter 

25 comprises a shovel pilot control device 48, and by means 
of the actuation lever 50 of the latter the control oil 
pressure furnished by the mentioned control oil pump may 
be reduced to a desired control pressure. This shovel 
pilot control device 48 is provided, for example, with 

30 four pressure reducing valves, whereby, e.g., the angular 
position of the shovel relative to the boom 2 and the 
angular velocity of the pivoting movement may be 
adjusted. 
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The two control ports X, Y of the shovel pilot 
control device 48 are each connected via control lines 
52, 54 with the inlet of a shuttle valve 56 or 58 , 
respectively, to the other inlet of which the signal line 
5 46 or 44, respectively, is connected. The outlets of the 
shuttle valves 56, 58 are each connected with control 
chambers 60, 62 of a shovel proportional valve 64. By 
means of the latter, the pressure medium flow velocity 
and pressure medium direction of flow between the 

10 pressure chambers of the shovel cylinder 16 and a 
variable displacement pump or a tank T of the central 
unit are controlled in a known manner. In its center 
position, a pressure port P connected with the variable 
displacement pump and a tank port T connected with the 

15 tank are blocked relative to two work ports A, B leading 
to the pressure chambers of the shovel cylinder 16. In 
the right-hand (Fig. 1) positions (valve spool to the 
left, "DUMP") of the shovel proportional valve 64, the 
shovel 4 is pivoted downwards from the represented 

20 angular position in order to dump material; in the left- 
hand positions (CROWD) , the shovel 4 is pivoted upwards 
from the represented angular position, e.g., in order to 
pick up material and hold it in the shovel. 

25 The boom control unit 14 has a similar construction 

as the shovel control unit 18. Pressure medium supply of 
the boom cylinder 12 takes place via a cylinder 
proportional valve 66, the control chambers 68, 70 of 
which may be subjected to a control pressure through the 

30 intermediary of a cylinder pilot control device 72 in 
order to retract the cylinder in the right-hand (view of 
Fig. 1) positions (LOW), so that the boom 2 is lowered, 
and to extend the cylinder in the left-hand positions 
(LIFT) for raising the boom. 

35 
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It shall now be assumed that the boom 2 was pivoted 
downwards from the represented raised position, and the 
shovel 4 rests on the ground in the represented angular 
position. The shovel 4 is filled with material which 
5 should not fall out from it when the boom 2 is raised 
subsequently. It is therefore desired to keep the shovel 
4 in the represented angular position or even pivoted 
upwards more strongly, relative to the ground or to the 
axles of the vehicle. The control lever 28 is in its 

10 represented basic position that corresponds to the 
mentioned angular position of the shovel 4. In this basic 
position the control lever 28 is clamped between the 
tensile spring assembly 32 and the spring assembly 26, 
with the actuation lever 36 also in its basic position. 

15 In order to raise the boom 2, the boom proportional valve 
66 is shifted through the intermediary of the boom pilot 
control device 72 into one of its left-hand positions 
(LIFT) , so that the boom cylinder 12 extends with a 
corresponding velocity and pivots the boom 2 upwardly 

20 about the linking mechanism 8 that is fixed to the frame. 
If the angular position of the shovel 4 remains constant 
relative to the ground during this pivoting movement, the 
position of the control lever 28 also remains unchanged, 
and no control signal is output by the pilot control 

25 device 30. In a change of the angular position of the 
shovel 4, e.g., pivoting about the pivoted articulation 6 
to the left (in a counter-clockwise direction) , the 
thrust rod 20 is moved correspondingly and the movable 
bearing 24 is shifted to the left, so that the tension of 

30 the spring assembly 26 is reduced correspondingly. The 
position of the sliding joint 38 remains unchanged, and 
the actuation lever 28 is moved to the left until an 
equilibrium between the tensile spring assembly 32 and 
the spring assembly 26 is established. In accordance with 

35 this pivoting movement of the control lever 28 a 
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hydraulic control signal is generated by the pilot 
control device 30, so that the control chambers 60, 62 of 
the shovel proportional valve 64 are subjected to a 
corresponding control pressure difference. Owing to this 
5 control pressure difference, the shovel proportional 
valve 64 is taken into one of its right-hand positions 
(DUMP) , so that the shovel 4 is pivoted in a clockwise 
direction until the basic position pre-selected at the 
actuation lever 28 is again established. The control 

10 pressure in the signal lines 44, 46 is selected such as 
to be higher than a control pressure in control lines 52, 
54, so that this self -levelling is performed even if a 
control pressure which prevails at the associated inlets 
of the shuttle valves 56 and 58, respectively, is created 

15 through the shovel pilot control device 48 in the control 
lines 52, 54. 

The afore-described self -levelling is, however, only 
possible when the switching valve 42 is taken by means of 

20 the switching solenoid into its switching position in 
which a control oil pressure is present at pressure port 
P of the pilot control device 30. If the switching valve 
42 is de-energized, the shovel position 4 may be adjusted 
manually through the intermediary of the pilot control 

25 device 48. 

By operating the actuation lever 36 it is possible to 
pivot the control lever 28 from the represented basic 
position in order to alter the pre-adjusted angular 

30 position of the shovel 4 while self -levelling is 
activated. This new angular position may be adjusted 
independently of the adjustment of the shovel pilot 
control device 48, for its control pressures are 
overridden. During raising or lowering of the boom 2 this 

35 altered angular position of the shovel 4 is then 
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maintained constant through feeding back a movement of 
the thrust rod 2 0 to the pilot control device 3 0 and the 
resulting application of a control pressure difference on 
the shovel proportional valve 64. The afore-described 
5 regulation of the angular position may be realized at 
minimum complexity, wherein it is practically possible to 
adjust any angular position of the shovel 4 that is 
permitted by the loading geometry. 

10 Instead of the hydraulic pilot control devices 3 0 it 

is in principle also possible to use an electric pilot 
control, wherein the electric signals for controlling the 
correspondingly executed shovel proportional valve 64 . 

15 Instead of the spring assembly for feeding back a 

change of the angular position of the shovel 4 to the 
pilot control device 3 0 it is, of course, also possible 
to use other constructions. 

20 Fig. 2 shows an embodiment wherein the movable 

bearing 24 (sliding joint) of the thrust rod 20 is 
connected via a lever arrangement 74 with the control 
lever 28 in order to feed back a change of the angular 
position of the shovel 4 to the pilot control device 30. 

25 The lever arrangement represented in Fig. 2 has two slide 
levers 76, 78 coupled by an end portion at the movable 
bearing 24 and at the actuation lever 36, respectively, 
while the two other end portions are articulatedly 
connected to each other by means of a transverse lever 

30 80. 

Approximately in the center range of the transverse 
lever 80, a connecting arm 82 is coupled which is 
articulatedly connected with the control lever 28. In the 
35 case of a constant adjustment of the actuation lever 36 
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and a movement of the thrust rod 20 along the trajectory 
of the movable bearing 24, the slide lever 7 6 is moved 
accordingly, so that the transverse lever 80 is tilted 
from its represented vertical position, and the actuation 
5 lever 28 is moved accordingly. The actual position must 
be adjusted by pivoting the actuation lever 3 6 and 
correspondingly moving the lower slide lever 78, which in 
turn results in a pivoting movement of the transverse 
lever 80 and in an actuation of the control lever 28 into 
10 its new basic position. 

In the embodiment represented in Fig. 3, instead of 
the U-shaped lever arrangement 74 an approximately Z- 
shaped lever arrangement 84 is used where the slide 

15 levers 76, 78 attack in opposite directions at the 
transverse lever 80. The control lever 28 is linked to 
the transverse lever 80. During a displacement of the 
thrust rod 20, the slide lever 76 is driven accordingly, 
and the transverse lever 80 is pivoted, and the control 

20 lever 28 is actuated accordingly. The adjustment of the 
target pivotal position is effected by means of the 
actuation lever 3 6 whereby the slide lever 78 may be 
displaced, and accordingly the transverse lever 80 may be 
pivoted. 

25 

It is essential in the kinematic of these means that 
a change of the pivotal position of the shovel position 4 
may be transposed into an adjustment of the pilot control 
device 3 0 wherein the latter outputs a control signal for 
30 controlling the shovel proportional valve 64 so as to 
move the latter into a regulating position in which the 
shovel 4 may again be returned into the pre-adjusted 
angular position. 
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What is disclosed is a hydraulic control system for a 
mobile equipment, in particular for a wheel or backhoe 
loader, wherein a shovel is linked to a boom. The angular 
position of the shovel may be kept constant through the 
intermediary of an orientation control device during a 
pivoting movement of the boom relative to the axles of 
the equipment. In accordance with the invention, the 
orientation control device is realized such that in the 
event of a change of a pre-set angular position, a 
control signal is generated through a pilot control 
device, whereby a shovel control unit may be controlled 
in such a manner that the shovel is again returned into 
its predetermined angular position. 
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List of Reference Symbols 





2 


hnntn 


5 


4 


shovel articulation 




6 


pivoted, articulation 




8 


linking mechanism 




10 


frame 




12 


boom cylinder 


10 


14 


boom control unit 




16 


shovel cylinder 




18 


shovel control unit 




20 


thrust rod 




22 


thrust rod bearina 


15 


24 


movable bearing 




26 


spring assembly 




28 


control lever 




30 


oilot control device 




32 


t pn<? ile Qnri ncr ^ o c; ptyiK 1 \r 


20 


34 


CX L- Lid L1U11 ILtCCLXXO 




36 






38 


i rfi nrr "inn Tit" 




40 


control oil 1 inp 




42 


switchincr valve 


25 


44 


^icmal line 






oiyilal -LXIltzi 




48 


shovel pilot control device 




50 


control lever 




52 


control line 


30 


54 


control line 




56 


shuttle valve 




58 


shuttle valve 




60 


control chamber 




62 


control chamber 


35 


64 


shovel proportional valve 
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66 


hnnm nyonoTt - i otiriT valve 


68 


confcirol chamber 


/ u 


conuroi cxiaJaDeir 


72 


boom pilot control device 


74 


lever arrangement 


76 


slide lever 


78 


slide lever 


80 


transverse lever 


82 


connecting arm 
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